Germination and rndicle growth of kidneywood and little-leaf leadtree were greatest at 30" C but occurred under a wide range of temperatures. Germination and radicle growth of kidneywood seed did not differ over the pH range of 5 to 9. Germination of little-leaf leadtree was lower at pH 5 and 6 than at pH 7 to 9. Decreased water availability reduced germination and radicle length of both species; however, kidneywood seed germination was more tolerant of moisture stress than little-leaf leadtree. Seeds of both species maintained high viability for at least 42 months after collection. An impervious seedcoat prevents germination of littleleaf leadtree seeds until it is searifled. Results from these experlments indicated no significant germination problems will be encountered in attempts to establish these plants under field conditions.
Production of livestock and wildlife in much of the arid and semiarid areas of the world is limited because range forages are deficient in protein. Leguminous forage shrubs can potentially increase the quantity and quality of feed available in arid and semiarid areas. Woody legumes are less susceptible to seasonal droughts than are herbaceous species and can supplement animal diets during dry periods. The use of woody legumes to increase soil nitrogen and to provide high-protein feed well into the dry season has dramatically increased animal production in both humid and arid areas of the tropics (Jones 1979) . This study was undertaken to evaluate the germination characteristics of two leguminousshrubs, Eysenhardtia texana Scheele (kidneywood) and L.eucaena retusa Gray (little-leaf leadtree), native to arid and semiarid regions of Texas and Mexico, which are believed to have great potential as forage shrubs. This information on germination responses to simulated environmental parameters should identify any significant germination barriers to field establishment of kidneywood and little-leaf leadtree.
Kidneywood is a shrub which grows from 1 to 4 m tall on calcareous soils of South, Central, and West Texas and south into Mexico (Correll and Johnston 1970) . In the drier areas of West Texas kidneywood is mainly found along dry arroyos (Warnock 1970) . Kidneywood is considered an excellent browse plant for livestock and wildlife. Krausemann (1978) listed kidneywood as a food of desert mule deer(Odocoileus hemionus crooki) in Big Bend National Park in Texas. Anthony and Smith (1977) reported that desert southwest rangeland dominated by kidneywood (E. polystachya) was heavily utilized by deer during the hot, dry season, which is the most critical period of the year for desert southwest deer herds.
Little-leaf leadtree isa shrub or small tree which may grow to 5 m tall. It occurs principally on dry, well-drained, rocky soils in Central and West Texas and in Coahuila Mexico (Correll and Johnston 1970, Vines 1960) . Little-leaf leadtree is readily browsed by wildlife and livestock (Lamb 1975 , Vines 1960 Warnock 1977) and has been recommended as an ornamental (Vines 1960 (Brewbaker et al. 1972 , Jones 1979 , Oakes 1968 , Takahashi and Ripperton 1949 . Sheep may shed their wool 1 to 2 weeks after beginning a steady diet of koa haole and continued feeding may result in death 100. due to a toxic amino acid (mimosine) found in all parts of the plant. However, this toxicity has not been observed under natural field conditions (Jones 1979 ).
Materials and Methods
Kidneywood and little-leaf leadtree seeds used in this study were collected during 1976 and 1978, from plants growing at the Soil Conservation Service Plant Materials Center at Knox City, Texas. Kidneywood plants at Knox City were grown from seeds collected near Uvalde, Texas, and little-leaf leadtrees were grown from seeds collected near Junction, Texas. Seeds harvested in 1976 were used to determine the length of viability and the 1978 accession was used for all other experiments. Seeds were stored at room temperature (24' C f 3" C) until used in experiments. Seeds were tested for seed coat dormancy by comparing germination of untreated seeds with that of seeds which had the testa perforated with a scapel. Germination studies were conducted using 6 replications of 40 fully developed and undamaged seeds in IO-cm diameter petri dishes. Two Whatman No. 3 filter papers saturated with 7 ml (kidneywood) or 8 ml (little-leaf leadtree) of distilled water or various test solutions were used as the germination substrate. The petri dishes were randomly arranged on moist paper toweling in a sealed box inside an environmental chamber. Germination percentage and radicle length were recorded at the end of IO-day trial. Seeds were considered to have germinated when the radicle was at least 1 mm (kidneywood) or 3 mm (little-leaf leadtree) long. Each experiment was repeated 2 to 5 times and the data pooled for presentation.
The effect of constant temperature on germination and radicle elongation was evaluated at 5O f lo C increments between IO0 and 45'C. All other experiments were conducted at 300 C. Light requirements were investigated by comparing germination of seeds in petri dishes covered with aluminum foil with that of seeds in transparent dishes. All other experiments were conducted under constant lighting from fluorescent and incandescent sources.
The effects of moisture stressongermination and radicle elongation were studied at 30" C using aqueous solutions of polyethylene glycol (PEG) 6000. The solutions were mixed by the method described by Michel and Kaufmann (1973) to exert osmotic potentials of -2, -4, -8 and -12 bars. Distilled water was used for the 0 bars treatment. The pH of these PEG solutions was 7.2
The effect of pH on germination and radicle elongation was investigated at 30" C by adjusting the hydrogen ion concentration of distilled water with HCL and KOH. This approach avoided the potential osmotic effects exerted by buffered solutions (Scifres and McCarty 1969) . The change in pH of these unbuffered solutions was minimal (from 0.1 to 0.2 unit change). A range of pH values from 5 to 9 in whole unit increments was used.
The effects of age on seed viability was evaluated by germinating seeds at 3-month intervals from date of collection in 1976 to 42 months after seed collection.
Germination data were subjected to arcsin fi (P= proportion germinated) transformation prior to conducting analyses of variance. No transformation was applied to radicle lengths. Differences among treatment means within an attribute were determined with Duncan's multiple range tests where appropriate.
Results and Discussion
One of the most important of the specific conditions that must be met during seed germination is temperature (Tooleet al. 1956 ). The minimum temperature for germination of both species was 15O C with 2% and 44% germination of kidneywood and little-leaf leadtree, respectively (Fig. 1) . The maximum temperature for germination of both species was 40" C with 35% and 9% germination of kidneywood and little-leaf leadtree, respectively. The optimum constant temperature for germination and radicle elongation of both species was 30" C. At 30" C, 75% of the kidneywood seeds and 99% of the little-leaf leadtree seeds germinated. Germination response of kidneywood seed to moisture stress demonstrated an ability to withstand some stress without a signifi- cant decrease in germination. However, increasing moisture stress significantly (X0.05) decreased radicle elongation of kidneywood seedlings (Fig. 2) . Seed germination and radicle length of little-leaf leadtree seedlings were progressively reduced by increasing osmotic potential (Fig. 2) . It is possible that the osmotic potentials of these solutions may have changed during the IO-day germination experiments because of evaporation from the petri dishes. However, placing the dishes on the moist towels in the sealed glass box should have minimized this possibility. There were no significant (X0.05) differences in seed germination or radicle elongation of kidneywood seedlings at media pH values of 5 to 9 (data not shown). Little-leaf leadtree seed germination was favored by an alkaline medium and germination decreased with increasing acidity. Germination of little-leaf leadtree seed was higher at pH media values of 7 to 9 compared to pH values of 5 and 6. However, little-leaf leadtree radicle growth was not significantly different (X0.05) among the pH treatments imposed (data not shown).
The ability of seeds to retain viability for prolonged periods without germination is one of the most important adaptive and survival properties of plants, allowing survival during adverse seasonal conditions and providing for the storage of seeds in the soil (Nikolaeva 1977) . In the case of leguminous plants, the failure to germinate rapidly is often attributed to the impermeability ofthe seed coat to water. This impermeability is caused by the cuticle and an extensively developed layer of palisade cells (Nikolaeva 1977) . Under natural conditions, alternating extremes of temperatures, microbial action and abrasion against soil particles erode the coat and increase permeability, thus permitting imbibition (McDonough 1977) . Kidneywood seed germination was unaffected by nicking the testa with a scapel. However, this treatment increased germination of little-leaf leadtree seeds from 4% to 98%. Neither kidneywood or little-leaf leadtree seeds requited light for germination at 30" C (data not shown). Germination of kidneywood or little-leaf leadtree seeds did not decrease significantly from collection to 42 months post-collection (data not shown).
Conclusions
Kidneywood and little-leaf leadtree are leguminous shrubs with potential for increasing forage quality for livestock and wildlife during the hot, dry months in the arid and semiarid regions of the world. No significant germination problems were observed which would prevent successful establishment of either species in most field situations. With respect to germination and radicle growth, both species are tolerant of a wide range of temperature and pH. Optimum temperature for germination and radicle elongation of both species was 3oOC; no germination occurred below 1YC or above 400 C. Germination and radicle elongation of both species decreased with increasing moisture tension but effects of pH were minimal within the range pH 5 to 9. Mechanical scarification increased germination of little-leaf leadtree seeds but not those of kidneywood.
Neither species required light for germination and seeds of both species germinated as well at 42 months after collection as at 3 months after collection. The little-leaf leadtree produced stronger and more vigorous radicles than kidneywood under the conditions of this experiment. This more aggressive radical growth suggests that little-leaf leadtree may be more successful in seedling establishment than kidneywood. Monsenand Christensen (1975) indicated that slow developing shrubs are likely to succumb if weeds are not eliminated prior to seeding, and that shrubs with aggressive seedlings are especially desirable for rehabilitating rangelands.
